Novobiocin induces a distinct conformation of Hsp90 and alters Hsp90-cochaperone-client interactions.
Hsp90 functions to facilitate the folding of newly synthesized and denatured proteins. Hsp90 function is modulated through its interactions with cochaperones and the binding and hydrolysis of ATP. Recently, novobiocin has been shown to bind to a second nucleotide binding site located within the C-terminal domain of Hsp90. In this report, we have examined the effect of novobiocin on Hsp90 function in reticulocyte lysate. Novobiocin specifically inhibited the maturation of the heme-regulated eIF2alpha kinase (HRI) in a concentration-dependent manner. Novobiocin induced the dissociation of Hsp90 and Cdc37 from immature HRI, while the Hsp90 cochaperones p23, FKBP52, and protein phosphatase 5 remained associated with immature HRI. Proteolytic fingerprinting of Hsp90 indicated that novobiocin had a distinct effect on the conformation of Hsp90, and molybdate lowered the concentration of novobiocin required to alter Hsp90's conformation by 10-fold. The recombinant C-terminal domain of Hsp90 adopted a proteolytic resistant conformation in the presence of novobiocin, indicating that alteration of Hsp90/cochaperone interactions was not the cause of the novobiocin-induced protease resistance within Hsp90's C-terminal domain. The concentration dependence of this novobiocin-induced conformation change correlated with the dissociation of Hsp90 and Cdc37 from immature HRI and novobiocin-induced inhibition of Hsp90/Cdc37-dependent activation of HRI's autokinase activity. The data suggest that binding of novobiocin to the C-terminal nucleotide binding site of Hsp90 induces a change in Hsp90's conformation leading to the dissociation of bound kinase. The unique structure and properties of novobocin-bound Hsp90 suggest that it may represent the "client-release" conformation of the Hsp90 machine.